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ABSTRACT. In this paper the concept of interval valued intuitionis-
tic fuzzy soft rough sets is introduced. Also interval valued intuitionistic
fuzzy soft rough set based multi criteria group decision making scheme is
presented, which refines the primary evaluation of the whole expert group
and enables us to select the optimal object in a most reliable manner.
The proposed scheme is illustrated by an example regarding the candidate
selection problem.
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1. INTRODUCTION

There are many complicated problems in economics, engineering, environmental
science and social science which can not be solved by the well known methods of
classical mathematics as various types of uncertainties are presented in these prob-
lems. To overcome these uncertainties, some kind of theories were given like theory
of fuzzy sets [13], rough sets [12], soft sets [9] etc. a mathematical tools for dealing
with uncertainties. In 1999, Molodtsov [9] introduced soft set theory which is a
new mathematical tool for dealing with uncertainties and is free from the difficulties
affecting the existing methods. Research works on soft set theory are progressing
rapidly. Combining soft sets with fuzzy sets and intuitionistic fuzzy sets, Maji et al.
[7, 8] defined fuzzy soft sets and intuitionistic fuzzy soft sets which are rich poten-
tials for solving decision making problems. It has been found that soft set, fuzzy set
and rough set are closely related concepts. Based on the equivalence relation on the
universe of discourse, Dubois and Prade (1990)[3] introduced the lower and upper
approximation of fuzzy sets in a Pawlak’s approximation space [12] and obtained a
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new notion called rough fuzzy sets. Feng et al. (2010)[4] introduced lower and upper
soft rough approximations of fuzzy sets in a soft approximation space and obtained
a new hybrid model called soft rough fuzzy sets which is the extension of Dubois and
Prade’s rough fuzzy sets [3]. Considering lower and upper intuitionistic fuzzy soft
approximation space(IF soft approximation space),A.Mukherjee [11],0btained a new
hybrid model called intuitionistic fuzzy soft rough set which can be seen as extension
of both the previous work by Dubois , Prade [3] and Feng et al. [4,5]. The notion
of the interval-valued intuitionistic fuzzy set was first introduced by Atanassov and
Gargov [2]. It is characterized by an interval-valued membership degree and an
interval-valued non-membership degree. In 2010, Y. Jiang et al. [6] introduced the
concept of interval-valued intuitionistic fuzzy soft sets. The aim of this paper is to
introduce a new concept- interval valued intuitionistic fuzzy soft rough sets. Also
interval valued intuitionistic fuzzy soft rough set based multi criteria group decision
making scheme is to be presented.

2. PRELIMINARIES

This section presents a review of some fundamental notions of fuzzy sets, rough
sets and soft sets. We refer to [9, 12, 13] for details. The theory of fuzzy sets initiated
by Zadeh provides a framework for representing and processing vague concepts by
allowing partial membership. A fuzzy set « in U (U be a nonempty set, called
universe) is a membership function a: U —[0, 1]. For x€ U, the membership value
a(x) specifies the degree to which x belongs to the fuzzy set a.

Definition 2.1 ([9]). Let U be an initial universe and E be a set of parameters. Let
P(U) denotes the power set of U and ACE. Then the pair (F, A) is called a soft set
over U, where F is a mapping given by F: A— P(U).

Definition 2.2 ([7]). Let U be an initial universe and E be a set of parameters. Let
IV be the set of all fuzzy subsets of U and ACE. Then the pair (F, A) is called a
fuzzy soft set over U, where F is a mapping given by F: A —IU.

Definition 2.3 ([1I]). Let X be a non empty set. Then an intuitionistic fuzzy set
(IFS for short) A is a set having the form A={(x, pa(x), y4(x)): x € X} where
the functions pa: X—[0, 1] and y4: X—[0, 1] represents the degree of membership
and the degree of non-membership respectively of each element x€X and 0<p 4 (x)+
v4(x)<1 for each xeX.

Definition 2.4 (|8]). Let U be an initial universe and E be a set of parameters. Let
IFY be the set of all intuitionistic fuzzy subsets of U and ACE. Then the pair (F,
A) is called an intuitionistic fuzzy soft set over U, where F is a mapping given by F:
A—IFY.

Definition 2.5 ([2]). An interval valued intuitionistic fuzzy set A over a universe

set U is defined as the object of the form A={(x, p1 a(x), v4(x)): x€U}, where p:

U—Int([0, 1]) and y4: U —Int([0, 1]) are functions such that the condition: x€U,

sup pa(x) +supya(x)< 1 is satisfied (where Int[0, 1]is the set of all closed intervals

of [0, 1]).

We denote the class of all interval valued intuitionistic fuzzy sets on U by IVIFSY.
534
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Definition 2.6 ([4]). Let (O=(f, A) be a soft set over U. The pair S=(U, ) is
called a soft approximation space. Based on S, the operators aprg and aprg are
defined as: o

apr s(X)={ucU: 3 acA (uef(a)CX)},

aprg(X) ={u e U:3Ja € Au € f(a), f(a) N X) # ¢}
for every X C U. The two sets aprs(X) and aprg(X) are called the upper and lower
soft rough approximations of X in S respectively. If aprg(X)=aprs(X), then X is
said to be soft definable; otherwise X is called a soft rough set.

Definition 2.7 ([10]). Let (O=(f, A) be a full soft set over U i.e; J,c4 f(a) = U
and the pair S=(U, (©) is the soft approximation space. Then for a fuzzy set A& IV
, the lower and upper soft rough approximations of A with respect to S are denoted
by saps()) and 5aps()) respectively, which are fuzzy sets in U given by:
saps(\)={(x, saps(N)(x)): x€U}, 5aps(A)={(x, 5aps(})(x)): x€U},

where

sap (A)(x) = N{pa(y) : Ja € A{z,y} € f(a))}
and

saps (V) (z) = \/{m(y) : Ja € A({z,y} C f(a))}

for every z € U. The operators saps and sapg are called the lower and upper soft
rough approximation operators on fuzzy sets. If saps(A)=5aps()), then X is said to
be fuzzy soft definable; otherwise is called a soft rough fuzzy set.

Definition 2.8 ([10]). Let (O=(f, A) be a fuzzy soft set over U. Then the pair
SF=(U, (© ) is called a soft fuzzy approximation space. Then for a fuzzy set A€ 1V,
the lower and upper soft fuzzy rough approximations of A with respect to SF are
denoted by Aprgr(A)and Aprgr(A) respectively, which are fuzzy sets in U given by:

Aprsr(N)={(x, Aprsr(N)(x)): x€U}, Aprsp(\)={(x, Aprsr(N)(x)): x€U}
where

Apr g, N(@) = N\ (1= F(@)@) VN Q= F@)@) \ @)

acA yeU

and
AprspN(@) =\ (Fa)(@) AV (F(@)@®) A\ @)
acA yeU
for every x € U and py is the degree of membership of y € U. The operators Aprsp

and Aprgp are called the lower and upper soft fuzzy rough approximation operators
on fuzzy sets. If Aprgp(A) = Aprsp(A) , then X is said to be soft fuzzy definable;
otherwise A is called a soft fuzzy rough set.

3. INTERVAL VALUED INTUITIONISTIC FUZZY SOFT ROUGH SETS

Definition 3.1. Let (O=(f, A) be a full soft set over U and S=(U, ©) be the soft
approximation space. Then for 7 € IVIFSY, the the lower and upper soft rough
535
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approximations of 7 with respect to S are denoted by | saps(7) and 1 sapg(T)
respectively, which are interval valued intuitionistic fuzzy sets in U given by:

L saps(7) = {(x, [\{inf u-(y) : Ja € A({z,y} C f(a))},
A {supp-(y) : 3a € A({z,y} € f(a))}],
[\/{inf 7+ (y) : 3a € A({z,y} € f(a))},
\/{sup7-(y) : Ja € A({z,y} C f(a)})) -z € U},

1 saps(7) = {(x, [\/{inf - (y) : Ja € A({z,y} C f(a))},
\{sup - (y) : 3a € A({z,y} C f(a))}],
[A\{inf 7+ (y) : Ja € A({z,y} C f(a))},
N\ {sup-(v) : Ja € A{x,y} € f(a)}]) sz € U}

The operators | saps and T sapg are called the lower and upper soft rough approx-
imation operators on interval valued intuitionistic fuzzy sets. If | saps(7) =

1 saps(7), then 7 is said to be soft interval valued intuitionistic fuzzy definable;
otherwise 7 is called an interval valued intuitionistic fuzzy soft rough set.

Example 3.2. Let U={x, y, z} and A={a, b, ¢}. Let : A—P(U) be defined by
f(a)={x, y, z}, f(b)={x, v}, f(c)={x, z}. Let
T = {{(x,[0.3,0.4],[0.1,0.2]), {y, [0.6,0.7], [0.1,0.2]), {z, [0.5, 0.6], [0.2,0.3]) }.
Then 7 € IVIFSY. So, we have,
| saps(r) = {(z,[0.5,0.6],]0.1,0.2]), (, [0.3,0.4], [0.1,0.2]), (2, [0.3,0.4], [0.2, 0.3])}
and
1 saps(r) = {(z,[0.6,0.7],[0.2,0.3]), (y, [0.5,0.6], [0.2,0.3]), (2, [0.6,0.7], [0.1,0.2])}.

Since | saps(7) #1 saps(7), T is an interval valued intuitionistic fuzzy soft rough
set.

Theorem 3.3. Let (O)=(f, A) be a full soft set over U and S=(U, (-)) be the soft
approzimation space. Then for 7 € IVIFSY we have

(i) | saps(r) = {(z [/\xef () /\yef(a) inf pi- (y), /\xef(a) /\yef(a) sup fir (y)],
[Vxef(a) Vyef(a) infv-(y), v.réf(a) \/yef(a) supv-(y)]) : z € U},

(ii) T saps(7) = {(z, [\/’réf(a) \/yef(a) inf - (y )7\/ac€f(a) \/yef(a) sup /ir (y)],
Nser@) Nyer@) mEvr W) Aoy Nyera) Supr-@)]) sz € U}

Proof. (i) Let a€ A and x€ f(a). Then for ye f(a), we have {x,y} C f(a) and hence
inf pr(y) > A{inf p-(2) : 3a € A{z,z} C f(a))}. Consequently,

/\ inf pr(y) > /\{mf,uT :3Ja € A({z, 2} C f(a))}
v 536
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and so
/\ /\ inf p,(y) > /\{mfuT :3Ja € A{z, 2z} C f(a))}.
z€f(a) yef(a)
Similarly, it can be shown that
/\ /\ sup pr(y) > /\{supuT :3Ja € A({z, 2} C f(a))}.
z€f(a) yef(a)
Thus, we get

[A\finf g (2) 30 € A({z, 2} € f(@)} Alsup e (=) : Fa € Al{w, 2} € f(a))}

- [ A A ifu-), AN suwr(y)]- (3.3.1)

z€f(a) yef(a) z€f(a) yef(a)

In a similar manner it can be shown that

\VAinf5:(2) : 3a € A{z, 2} € F(@)}, \/{sup (=) : Fa € A({z, 2} € f(a))}]
C [ VoV ifew, VOV sup%(y)]- (3.3.2)

z€f(a) yef(a) z€f(a) yef(a)
From (3.3.1) and (3.3.2) we see that

| saps(7) {< [/\ A infu-p), AN Supur(y)],

z€f(a) yef(a) zef(a) yef(a)

[ Vo wfnw. OV sup%(y)]>:er}. (3.3.3)

z€ f(a) y€f(a) z€ f(a) y€f(a)
Now to prove that

{<x[ A A s A A supur<y>],

z€f(a) yef(a) z€f(a) yef(a)

[\/ V ity Sup%(y)]>:er}

z€f(a) y€f(a) z€f(a) yEf(a)
C | saps(7),
let us suppose that a€ A such that {x, z}C f(a). Then x€ f(a), z€ f(a) and hence
inf (2 /\ /\ inf p.(y
Lef(a) y€Ef(a)
Consequently,

/\{inf pr(2): Ja € A({x, 2z} C f(a))} > /\ /\ inf pr(y

z€f(a) yef(a)

=
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Similarly it can be shown that

Nswpp-(2): 3a € Az, 2} C f@)} > N\ supp-(y)
z€f(a) yef(a)
Thus we get

[/\ N infu-(v), N\ N\ supuT(y)}

z€f(a) yef(a) z€f(a) yef(a)

© | i () 30 € A({.2) € fla)
/\{SupuT(z) :3a € A{z, 2} C f(a))}} (3.3.4)

In a similar manner it can be shown that

[\/ \ infr(), \V/ V swpr(y ]

z€f(a) yef(a) wa (a) yef(a)

C {\/{inf'yr(z) :3Ja € A({z, 2} C f(a))},

\/{sup7(2) : Ja € A({, 2} C f(a))}} (3.3.5)
From (3.3.4) and (3.3.5) we see that

{< [/\ N mfu-(w), N\ N\ supp-(y ]

z€f(a) yef(a) wa(a) y€f(a)

[ VoV i, VoV Sup%(y)]>:x€U}

z€f(a) yef(a) z€f(a) yef(a)
Cl saps(7). (3.3.6)
From (3.3.3) and (3.3.6), we have

| saps(7) {< [/\ N infu-(w). A N\ swprly ]

z€f(a) yef(a) fo(a) y€f(a)

[ (VAR VAR TR (h R VARV, sup’yf(y)]>:x€U}.

z€f(a) yef(a) z€f(a) yef(a)

(ii) Proof is similar as in(i). O

Theorem 3.4. Let O=(f, A) be a full soft set over U and S=(U, (-)) be the soft
approzimation space and 7,6 € IVIFSY. Then
(1) | saps(¢) = ¢ =1 saps(¢)
(2) | saps(U) = U =1 saps(U)
(3)7 C 6 =] saps(t) C| saps(9)
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T C =7 saps(T) C7 saps(9)

1 saps(t(N0) Cl saps(T)( | saps(d
(T19) €1 saps(T) () T saps(6
(T)U | saps(0) C| saps(tJo

1 saps(T)UJ T saps(d) €T saps(7Jd
)

are straight forward.

)
)
)
)

7 = {{a, [inf pr (), sup p ()], inf 7, (), sup7» (@)]) : @ € U,
5 = {(a, [inf p15(2), sup s (@), [inf 75(2), sup 7 (2)]) : @ € U}

Tﬂé = {{z, [inf p1r 4 5(x), sup - s ()], [inf v 5(z), sup vy, 5(2)]) : 2 € U}

| saps(r()9)
- {< | Alint o130 30 € A({a) € @),
Afsup s a(y) : 30 € A({, y} € f<a>>}],
|V int 05000 30 € ({29} € fla)}

\/{sup -1 5(s) : 3 € A({,y} € f(a))}D e U}

- {< | AdaninGnt o 0) i s(0)) £ 0 € A({.0) € F0))
PNtmin(sup (). 500 15(0)) < 0 € Ao} € fla)]

|V a3 1) inf 25(0) : 3 € A{.0) € Fla)),

\/{max(sup 1+ (y), sup75(y)) : Ja € A({z, y} € f(a))}} > ‘ze U}.<3.4.1>

Since

min(inf 17 (y), inf 115 (y)) < inf pi7 (y)
and

min(inf p1, (y), inf 115 (y)) < inf ps5(y),

we have

Ndmin(inf 7 (y), inf 15(y)) : 3a € A({z,y} € f(a))}

< /\{infuT(y) :da € A({z,y} C f(a))}
539
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and

M\ {min(inf - (y), inf 15(y)) : Ja € A({z,y} C f(a))}
< Adinf ps(y) : 3a € A({z.y} C f(a)}.

Consequently,

M\dmin(int - (y), inf 15(y)) : 3a € Az, y} € f(a))}
< min(/\{inf 1, (y) : 3a € A({a,y} € f(a)}.
Ndinf ps(y) : 3a € A{z,y} € F(a)}). (3.4.2)

Similarly we can get

N\ {min(sup s (), sup ps(y)) : Ja € A({z,y} C f(a))}
< min(/\{sup - (y) : Ja € A({z,y} € f(a))},
A {sup ps(y) : 3a € A({z,y} € f(a)}). (3.4.3)

Again since
max(inf v, (y), inf y5(y)) > inf v, (y)

and
max(inf v, (y), inf v5(y)) > inf vs(y),
we have
\/{max(inf Y- (y),infv5(y)) : Ja € A{z,y} C f(a))}
> \/{infvT(y) :da € A({z,y} C f(a))}
and
\/ {max(inf 3, (y). inf 5(y)) : 3a € A({y} € f(a)))
> \/{inf’yg(y) :da € A({z,y} C f(a))}.
Consequently,

\/{max(inf v, (y), inf 5(y)) : Ja € A({z,y} C f(a))}
> max(V{inf’yT(y) :Ja € A({z,y} C f(a))},
VAinfs(y) - 3a € Az, y} € f@)}). (3.4.4)

Similarly we can get

V/{max(sup 77 (y), sup 75(y)) : 3a € A({z,y} € f(a))}
> max(\/{sup7-(y) : 3a € A({z,y} C f(a))},

\/{sup Y5(y) : Ja € A({z,y} C f(a))}). (3.4.5)
Using (3.4.2)-(3.4.5), we get from (3.4.1),

! sap5(7n6) C| saps(T) ﬂ 1 saps(9).
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(6) Proof is similar to (5).
(7) We have

7 = {{=, [inf pi (), sup pi- ()}, [inf 7+ (), sup 7 (x)]) : @ € U},

6 = {(z, [inf ps(2), sup ps(x)], [inf vs(2), supvs(2)]) : @ € U}
and

76 = {(&, [inf i,y s(2), 5up - 5()], [inf 77y 5 (), sup Y7y 5(2)]) 1 2 € U

Now,

lsaps(TU(S)
= {<fﬂ [/\{infuru s(y) 1 Ja € A({z,y} C f(a))},

Afsup iy s(y) - 3o € A({ ) C f<a>>}],
[V{inmw(y) 30 € A{z,y) € f(@)),

\/{sup e ys(y) : Ja € A({zy} € f(a))}D we U}

= {<x [/\{maxunf o (). inf s (y) < 3a € Al{a,y} € J(a))},

A\ {max(sup s (4), sup 15(3)) : 3a € A({z,y} € f(a))}]

[V{mmonf e () inf 35(9)) < 3a € A({z, 4} € f(a))),

\/{min(sup Y+ (y),supv5(y)) : Ja € A({z,y} C f(a))}} > tx € U}. (3.4.6)

Since

max(inf 7 (y), inf ps(y)) = inf pr(y)
and

max(inf p-(y), inf ps(y)) > inf ps(y),

we have
[\ {max(inf - (y), inf ps(y)) : Ja € A{z,y} € f(a))}
> N\dinf - (y) : 3a € A({z,y} C f(a))}

and
M\ {max(inf - (y), inf ps(y)) : 3a € A{z,y} C f(a))}

> A{inf ps(y) : Ja € A({z,y} C f(a))}.
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Consequently,
N\ {max(inf 11 (y), inf us(y)) : 3a € A({x,y} C f(a))}
> max(/\ {inf yi-(y) : Ja € A({z,y} C f(a))},
Ndinf ps(y) : 3a € A{z,y} € f(a)}). (3.4.7)
Similarly we can get
J\{max(sup - (y), sup ps(y)) : Ja € A{x,y} C f(a))}
> max(/\ {sup - (y) : Ja € A({z,y} C f(a))},
A\ s ps(y) - 3a € A{z,y} € f(a))}). (3.4.8)

Again since

min(inf v, (y), inf y5(y)) < inf 7 (y)

and
min(inf vz (), inf vs(y)) < infy5(y),
we have
\/{min(inf v, (y), inf 35(y)) : 3a € A({z,y} € f(a))}
< \/inf - (y) : 3a € A({z,y} C f(a))}
and
\/{min(inf v, (y), inf 35(y)) : 3a € A({z,y} € f(a))}
< \/{infys(y) : 3a € A({z,y} C f(a))}.
Consequently,

\/{min(inf v, (y), inf 5(y)) : 3a € A({z,y} € f(a))}
< min(\/{inf 7, (y) : Ja € A({z,y} C f(a))},
VA{inf5(y) : 3a € A({z,y} C f(a))}). (3.4.9)
Similarly we can get
\/{min(supv-(y),supv5(y)) : 3a € A({z,y} C f(a))}
< min(\/{sup,(y) : Ja € A({z,y} C f(a))},
\{sups(y) : Ja € A({z,y} C f(a))}). (3.4.10)
Using (3.4.7)-(3.4.10), we get from (3.4.6),
L saps(m)|J | saps(9) CL saps(r| J9).

(8) Proof is similar to (7). O
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4. A MULTICRITERIA GROUP DECISION MAKING PROBLEM

Soft sets and fuzzy soft sets, intuitionistic fuzzy soft sets have been applied by
many authors in solving decision making problems. In this section ,we illustrate
the use of Soft sets and fuzzy soft sets, intuitionistic fuzzy soft sets, interval -valued
intuitionistic fuzzy soft sets , rough sets, interval-valued intuitionistic fuzzy soft
rough sets and related notions in object evaluation and group decision making.

Let U={o0y, 02, 03,...,0;} be a set of objects and E be a set of parameters and A={e,
€2, €3,.....,e;m }CE and S=(F, A) be a full soft set over U. Let us assume that we have
an expert group G={T1, T5,.....,T,,} consisting of n specialists to evaluate the objects
in U. Each specialist will examine all the objects in U and will point out his/her
evaluation result. Let X; denote the primary evaluation result of the specialist T;. It
is easy to see that the primary evaluation result of the whole expert group G can be
represented as an interval valued intuitionistic fuzzy evaluation soft set S* = (F*, G)
over U, where F'* : G — IVIFSY is given by F*(T;) = X;, for i=1, 2,......, n. Now
we consider the soft rough interval valued intuitionistic fuzzy approxnnations of
the specialist T/s primary evaluation result X; w.r.t the soft approximation space
P=(U, S). Then we obtain two other interval valued intuitionistic fuzzy soft sets
18* = (] F*,G) and T S* = (1 F*,G) over U, where | F*: G— IVIFSY is given by
| F*(T) laprp( ;) and T F*: GH IVIFSU is given by T F*(T;) =1 aprp(X;),

for i=1, 2,...., n. Here | S* can be considered as the evaluation result for the whole
expert group G with 'low confidence’ , T S* can be considered as the evaluation
result for the whole expert group G with "high confidence’ and S* can be considered
as the evaluation result for the whole expert group G with 'middle confidence’ Let
us define two interval valued intuitionistic fuzzy sets IVIFSet| s« and IVIFSet; g« by

IVIFSet| g+ = {< Zlnf/,l,lp*(T) (ok), Zsupulp ;) (oK) | 5

me'ylp*(T) (ok), Zsup'ylp*(T y(or) > k= 1,27....,1}
j 1

] 1

and

1 n
IVIFSet;g- = {<ok, - memp *(T}) (or), ZbuPNTF* oK) |

Jj=1

1 n
- Zlnf’YTF*(T) Ok )s Zsup’yTF*(T)(ok) > k= 1,2,....,[}.

j=1 ]1

Now we define another interval valued intuitionistic fuzzy set IVIF Setg, by
543



Anjan Mukherjee et al./Ann. Fuzzy Math. Inform. 5 (2013), No. 3, 533-547

1 n
IVIFSetg = {<ok, ﬁsz'uF (1) (k) Zsup,uF*(T)(ok) ,

j=1 =

—Zlnf'yp «(1y) (o), Zsup'yp (1) (k) > k= 1,2,....,l}.

Jj=1 Jl

Then clearly,
IVIFSet|g- CIVIFSets- C IVIFSetyg-.

Let C={L(low confidence), M(middle confidence), H(high confidence)} be a set
of parameters. Let us consider the interval valued intuitionistic fuzzy soft set
S**=(f, C) over U, where f: C— IVIFSY is given by f(L) = IVIFSet s+, f(M) =
IVIFSetg~, f(H) = IVIF Set;g«. Now given a weighting vector W = (wr,, war, Wg)
such that wr,wyr, wy € Int([0,1]), we define a : U — P(U) by a(ox) = supwyg, ¢
sup fip(r) (0k) +sup wys osup pp(ary (0x) +sup wp osup g gy (o), or € U (o represents
ordinary multiplication). Here (o) is called the weighted evaluation value of the
alternative o, €U. Finally, we can select the object o, such that a(o,)=max{a(ox):
k=1, 2,....., 1} as the most preferred alternative.

"4 Algorithm:
(1) Input the original description soft set (F, A).
(2) Construct the interval valued intuitionistic fuzzy evaluation soft set S* = (F*, G).
(3) Compute the soft rough interval valued intuitionistic fuzzy approximations and
then construct the interval valued intuitionistic fuzzy soft sets | S* and T S*.
(4) Construct the interval valued intuitionistic fuzzy sets IVIF Set|g«, [VIFSetgs,
IVIFSetTS* .
(5) Construct the interval valued intuitionistic fuzzy soft set S**.
(6) Input the weighting vector W and compute the weighted evaluation values (o)
of each alternative oy € U.
(7) Select the object o, such that a(o,)= max{a(og): k=1, 2,...., r} as the most
preferred alternative.

5. AN ILLUSTRATIVE EXAMPLE

Let us consider a staff selection problem to fill a position in a private company.
Let U = {e1,ca,c3,c4,¢5} is the universe set consisting of five candidates. Let us
consider the soft set S=(F, A), which describes the ”quality of the candidates”, where
A={e; (experience), ea(computer knowledge), es3(young and efficient), e4(good com-
munication skill)}. Let the tabular representation of the soft set (F, A) be:

ClL | C2|C3|C4|C5
er| 101|110
e 1] 1]01]11]0
es| O] 1)1 1]1]1
eq | 111001
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Let G = {T1,T», T5, T4} be the set of interviewers to judge the quality of the candi-
date in U. Now if X; denote the primary evaluation result of the interviewer T; (for
i=1, 2, 3, 4), then the primary evaluation result of the whole expert group G can be
represented as an interval valued intuitionistic fuzzy evaluation soft set S* = (F™*, G)
over U, where F* : G — IVIFSY is given by F*(T;) = X; for i=1, 2, 3, 4.

Let the tabular representation of S* be given as;

C1 Co C3 Cy Cs
Ty | ((2AL[4,5]) | (16,71, [1,2) | (3,41,[3,5) | (1.2,4],[4,.6]) | ([3,-6],[-2,-3))
Ty | ([.1,.316,.7) | (1.3,4],[4,.5) | ([5,.7),[.1,2) | (1.7,.8],[1,-2]) | ([-1,-3],[.1,.5))
Ts | ([4,.6],[.2,.3]) | ([-1,-4],[.2,4)) | ([.2,-5],[.2,-4]) | ([.3,-5],[.2,-4]) | ([-4,.5],].2,.5])
Ty | ([3.-5],[-3,-4]) | ([-5,:6],[-2,.3]) | ([4,-5],[-2,.5]) | ([-4,.7],[.1,-2]) | ([.6,.8],[-1,-2])

Let us choose P=(U, S) as the soft interval valued intuitionistic fuzzy approximation
space. Let us consider the interval valued intuitionistic fuzzy evaluation soft sets
1 8*=(]l F*,G) and 1 S* = (1 F*,G) over U.

Then the tabular representation of these sets are:

1 §*=(l F*,QG):

c1 Co C3 C4 Cs
Ty | ([-2,.4],[.4,.6]) | ([-2,.3],[-4,.6]) | ([.2,.3].[4,.6]) | ([.2,-3].[-4,-6]) | ([-2,.3],[.4,-6])
To | ([.1,2],[-6,.8]) | ([.1,-3],[.6,.7]) | ([-1,.3],[.6,.7]) | ([.1,-3],[-6,.7]) | ([.1,-3],[.6,.7])
Ty | ([14],[2,5) | ([-1,21[2.5]) | ((1.41[:2.5]) | ([1.4],(2,:5)) | ([-1,4],].2..6])
Ty | ([2,4114,5) | (13.513.5]) | ([3.513.5]) | ([:3,513.5]) | ([:3.5],[:3,5])
15" =(1F.G):
T: | ([.6,.7],[.1,.2)) | ([.6,.8],[.1,.2]) | ([.6,-7],[.1,-2]) | ([-6,.7],[-1,-2]) | ([.6,.7],[-1,-2])
T2 | ([.7,-8],[-.1,-2]) | ([.7,-8],[.1,-2]) | ([.7,-8],[.1,-2]) | ([-5,-7],[.1,-2]) | ([.7,-8],[-1,-2])
Ts | ([4,.7],].2,.3]) | ([.4,-6],[.2,.3]) | ([-4,-6],[.2,-3]) | ([-4,-6],[.2,-3]) | ([4,.6],[.2,-3])
Ty | ([.6,.8],][.1,.2]) | ([.6,.8],[.1,.2]) | ([.6,-8],[.1,-2]) | ([.6,.8],[-1,-2]) | ([.5,.7],[-1,-2])

Here, | §* C §* CT S*. Then we have,

IVIFSet|s- = {{c1,]0.15,0.35], [0.4,0.625]), (s, [0.175,0.325], [0.375, 0.575)),
(¢s,[0.175,0.375), [0.375,0.575]), (ca, [0.175,0.375], [0.375, 0.575]),
(¢s,[0.175,0.375), [0.375,0.6]) },

IVIFSetys« = {{c1,[0.575,0.75],[0.125, 0.225]), (c2, [0.575, 0.75], [0.125, 0.225]),
(c3,10.575,0.725],[0.125, 0.225]), (c4, [0.525, 0.700], [0.125, 0.225]),
{cs,[0.55,0.700], [0.125, 0.225)) },

IVIFSetg- = {{cy,[0.25,0.45],[0.375,0.475]), (c2, [0.375, 0.525], [0.225, 0.35]),
(¢3,[0.350,0.525], [0.2, 0.4]), {4, [0.4,0.6], [0.20, 0.35]),
(¢, [0.35,0.55], [0.15,0.375]) }.

Here IVIFSet|g- C IVIFSetg- C IVIFSet;g-. Let

C={L(low confidence), M(middle confidence), H(high confidence)}
545



Anjan Mukherjee et al./Ann. Fuzzy Math. Inform. 5 (2013), No. 3, 533-547

be a set of parameters. Let us consider the interval valued intuitionistic fuzzy soft
set S**=(f, C) over U, where f : C — IVIFSY is given by f(L)=IVIFSetg-,
f(M)=IVIF Setg-, f(H)= IVIFSet;g- . Now assuming the weighting vector W =
(wr, wpar,wrr) such that wr=[0.5, 0.7], war=[0.4, 0.6], wy=[0.4, 0.8], we have,

a(c1) =0.700.354+0.600.454+ 0.8¢0.75 = 1.115,

ac) =0.700.3254+ 0.6 ©0.525 4+ 0.8 © 0.75 = 1.1425,

afc3) =0.7¢0.3754+ 0.6 © 0.525 4+ 0.8 © 0.725 = 1.1575,

acy) =0.700.3754+ 0.6 0 0.6 + 0.8 © 0.7 = 1.1825,

a(cs) =0.700.3754+ 0.6 ©0.55 4+ 0.8 © 0.7 = 1.1525.
Since max{a(c1, alca), afcs), ales), acs) }=1.1825, so the candidate ¢4 will be se-
lected as the most preferred alternative.

6. CONCLUSIONS

In this paper we first defined Interval-valued intuitionistic fuzzy soft rough sets
(IVIFSsets). Finally we provided an example that demonstrated that this method
can be successfully worked. It can be applied to problems of many fields that contain
uncertainty. However the approach should be more comprehensive in the future to
solve the related problems. It is clear that IVIF soft rough sets are IF soft rough
sets due to A.Mukherjee. Also IFsoft rough sets are soft rough Fuzzy sets due to
Feng et al. Further Feng et al. showed that soft rough fuzzy sets are the extension
of rough fuzzy sets due to Dubois and Prade. Thus our work is the extension
of the previous works of Mukherjee, Dubois, prade and Feng et.al. This work is
supported by the UGC, New Delhi, INDIA under the UGC Major Research Project
No.F.No.37-388/2009(SR).
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